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METHOD AND DEVICE FOR DETECTING A
GROUND-FAULT DIRECTION IN AN
ELECTRIC THREE-PHASE NETWORK

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a § 371 national stage of PCT Inter-
national Application No. PCT/AU2015/000152, filed Oct. 6,
2015 claiming priority of European Patent Application
15000088.3, filed Jan. 15, 2015, the contents of each of
which are incorporated herein by reference 1n their entire-
ties.

BACKGROUND OF THE INVENTION

The invention relates to a method for ascertaining the
carth fault direction 1n an electric three-phase network which
1s operated 1n a compensated way or in an 1solated way,
respectively. Furthermore, the invention relates to a device
for ascertaining the earth fault direction 1 an electric
three-phase network, corresponding to each one of the
methods.

PRIOR ART

A considerable part of the operation failures of electric
supply networks of energy suppliers arises due to single-
phase faults and particularly earth faults. Such faults may
¢.g. arise due to falling trees or trees growing nto a power
line or due to faulty mnsulation. So-called earth fault direc-
tional relays basically report also in meshed networks selec-
tively the lines affected by earth faults. The summed zero
current and the zero sequence voltage serve as measurement
criterion, from which the earth fault direction 1s determined.
This wattmetric acquisition of the earth fault direction is
done 1n a network operated 1n an 1solated way (with sin
¢-relay) differently than 1n networks operated 1n a compen-
sated way (with cos @-relay). However, in case of intermit-
tent earth faults, simple earth fault directional relays fail
because after a reignition the direction i1s not recognized
reliably.

Regarding neutral point treatment, the following can
generally be said: in case an electrically conductive connec-
tion occurs between an external conductor line and earth, the
type of neutral point treatment determines the behavior of
the network. In this case 1t 1s 1rrelevant 1f the neutral point
1s a transformer or a generator. In principle, there are five
distinct types of neutral point earthing (SPE) which impose
very diflerent challenges to the network design.

(1) Solid earthing. The neutral point 1s connected to the
carth potential via an as much as possible impedance-less
connection via an extended earthing installation. The advan-
tages are that no voltage overshoots occur on the non-
allected conductor lines and the simple fault localization
with directed overcurrent protection. The disadvantages are
that the earth fault transforms into an earth short-circuait, that
a high thermal stress of the conductor lines results due to
carth short-circuit currents, and that a high contact voltage
1s possible at the fault location. Further disadvantages are a
high complexity for the earthing installation and the power
distribution cut due to switching off.

(2) Isolated neutral point earthing. In this case the source
neutral point 1s not connected to earth. The advantages are
that a smaller complexity and the reduced stress of the
conductor lines result due to the capacitive earth fault
current as well as lower contact voltages at the fault location.
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2

The network can still be operated 1n case of earth fault and
arc faults can extinguish by themselves. Disadvantages are
voltage overshoots with the factor V3 on the conductor lines
which are not aflected by the fault and that the earth fault
current can still get very high 1 case of large cable net-
works. The direction determination requires furthermore
special earth fault directional relays.

(3) Low ohmic neutral point earthing. In this case, the
source neutral point 1s connected to the earth potential via a
defined ohmic impedance. This alternative 1s used when a
solid earthing leads to mnadmissible earth short-circuit cur-
rents, but the voltage overshoot of networks operated 1in an
isolated way 1s not acceptable. The advantages are the
limitation of the earth short-circuit current and of the occur-
ring voltage overshoots. Furthermore, a simple fault locali-
sation with directed overcurrent protection results. Disad-
vantages are the voltage overshoots on the conductor lines
which are not affected by the fault and the transformation of
the earth fault into an earth short-circuit fault and therefore
also the thermal stress of the conductor lines due to earth
short-circuit currents. Furthermore, an increased contact

voltage 1s possible at the fault location. Additionally, a high
cllort for the earthing 1nstallation and the supply interruption
due to switching off results.

(4) The short-term low ohmic neutral point earthing. In
this case, the source neutral point 1s 1solated during normal
operation. In order to determine the direction, an ohmic
resistance 1s switched into the neutral point for a short term
and the earth fault 1s transformed nto an earth short-circuait.
After the direction detection and switching oif of the afiected
sections, the network 1s again operated 1n an 1solated way.
Advantages are that the earth short-circuit current 1s limited
and a simple fault localisation with directed overcurrent
protection 1s possible. Disadvantages are a voltage over-
shoot with the factor V3 the conductor lines which are not
allected by the fault and the earth fault 1s transformed into
an earth short-circuit fault. Thus, thermal stress of the
conductor lines due to earth short-circuit currents results and
also an increased contact voltage at the fault location 1s
possible. Furthermore, a high effort for the earthing instal-
lation and the supply interruption due to switching off
results.

(5) The compensated/arc-suppression neutral point earth-
ing. In this case, the source neutral point 1s connected to the
carth potential via an adjustable inductor. The value of the
inductor or the arc suppression coil (also named Petersen
coil after 1ts creator), respectively, defines the compensation
current. The advantages are as small as possible earth fault
currents and an as small as possible contact voltage at the
fault location. Furthermore, the network may still be oper-
ated 1n case of an earth fault and arc faults may extinguish
by themselves. Disadvantages may be: increased initial costs
and maintenance effort for the arc suppression coil, a high
cllort for the earthing installation and a voltage overshoot
with the factor V3 on the conductor lines which are not
aflected by the fault. Furthermore, a high effort for the earth
fault direction detection arises due to the reduced currents as
well as particularly a problem with intermittent earth faults.

In the following, the earth fault in the compensated
network 1s described 1n more detail. If a healthy three-phase
system (FIG. 1) 1s affected by an earth fault on conductor
line 1 in the compensated network, as shown schematically
in FI1G. 2, the result 1s a shifting of the voltage triangle (FIG.
3). The zero-sequence voltage (neutral point to earth volt-

age) U ~z points from the middle of the voltage triangle 1n
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direction of the earth fault (in FIG. 3, the vector 1s drawn
starting from the origin for better clarity). The following
applies:

- 1 — 1 — — — 1
UNE:_g'ZUX:—g'(U1+U2+U3) (D)

The conductor line to earth voltages of the healthy con-
ductor lines increase to the value of the line-to-line voltages,
which correspond exactly to V3 times the value. The exces-
stve conductor line to earth voltage forces a current into
carth via the bleeder resistors and the leakage capacitances
of the conductor lines, the sum of which flows back into the
faulty conductor line at the fault location as fault current I,.
(FIG. 4). The line currents are shown 1n FIG. 5 and the fault
current 1s shown 1n FIG. 6. The summed current 1s still zero
in FIG. 6. A summed current 1s measurable only after adding
a Turther line which 1s composed of the tlow-back currents
of the other lines and 1s called I.. Thus, 1t 15 possible to
determine that the value of the measured summed current
doesn’t correspond to the fault current but 1s defined only by
neighboring branches. The corresponding illustration 1s not
shown here.

In the compensated network, only the current from the
Petersen coil or arc suppression coil, respectively, 1s added
at the fault location. It 1s driven by the voltage and it 1s
lagging behind the latter by 90°; FIGS. 7, 8 and 9 show this
situation. Depending on the value of the compensation
current, the charging current flowing at the fault location 1s
more or less compensated. In case of an 1deal compensation
only the residual active current 1;,,,, remains as current at the
fault location. As known, the direction determination 1n case
of an earth fault 1s performed by detection devices or
protection devices (earth fault relays), respectively, in the
tollowing way:

The directional features shown in FIGS. 10 and 11 are
described by simple equations. For the sine circuit:

(2)

Igsin @> g ,,.;,|=>torward

(3)

Igsin @>-\I g ,,;,/=>backward
For the cosine circuit:

Igcos > Iyz 0, =>torward

(2)

(3)

The angle @ 1s the angle between the zero-sequence
voltage U, and the earth current I . and plays a decisive role
for the direction detection. However, a direction detection
with this approach according to the prior art 1s not possible
in case of an intermittent earth fault; such intermittent earth
faults are therefore a problem. Isolated and compensated
networks may under circumstances still be operated for a
long time 1n case of an earth fault. In order to be able to
quickly narrow down the fault, standard earth fault relays,
¢.g. the DIGISAVE RD, of the company NSE GmbH,
Switzerland, are used. Earth fault relays detect the direction
of the fault by the angle between the zero-sequence voltage
U.~ and the earth current 1., as described above, by the
so-called cosine circuit in a compensated network and by the
sine circuit in an 1solated network. However, 1n a compen-
sated network the earth fault current may get so small that
the fault arc 1s extinguished immediately. Hence, the line
voltage of the faulty conductor line returns and as soon as 1t
exceeds a critical value, a new 1gnition occurs. This process
1s called mtermittent earth fault. The problem for the earth

Izcos @>—Iyr .., |=>backward
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fault direction detection according to the prior art 1s that at
the moment of the reignition a recharge current I, , flows 1nto
the two healthy conductor lines. This pulse current has an
opposite direction with respect to the zero-sequence voltage

Uz

dat/
U dr

; (6)

This 1s an active current because energy stored in the
capacitor must be firstly provided by the network. FIG. 12
shows the pointer diagram of the i1gnition process. For
illustrating the situation in case of an intermittent earth fault,
the power developments are shown in FIG. 13 1n the zero
sequence by using U, .. and I.. One can see that the active
power P.. changes the sign for a short period for each
ignition pulse. The reactive power Q,,. has a sawtooth
pattern. Due to the repeated change of sign of the active
current, an earth fault direction protection also repeatedly
changes the sign without suppression of the intermittent
carth faults.

In the following, the calculation of the active energy or the
reactive energy, respectively, for determining the direction
of an earth fault, particularly of an intermittent earth fault, 1s
described, because this process 1s the basis of this method of
the present ivention.

For this, the process 1s such that the direction 1s detected
by the sign of the used zero sequence active energy. Despite
the fact that the current flow direction points to the wrong
carth fault direction during the ignition process of the
intermittent fault, still an average power result in forward
direction, such that in case of a positive sign of the used zero
sequence active energy the forward direction of the earth
fault can be shown and in case of a negative sign the
backward direction of the earth fault can be shown.

The zero sequence active energy 1s calculated as follows

EG=2, o nrE o) i) (7)

The meaning of the used symbols 1s the following:
E, zero sequence active energy
u,(n) zero voltage
1,(n) zero current
nFE set integration time window at sampling points
nx current time
According to the mnvention, the procedure for detecting
the earth fault direction in the three phase network operated
in an 1solated way 1s such that the direction 1s determined by
the sign of the exchanged zero sequence reactive energy.
Despite the fact that the current flow direction points to the
wrong earth fault direction during the 1gnition process of the
intermittent fault, still an exchange in forward direction
results, such that in case of a positive sign of the exchanged
zero sequence reactive energy the forward direction of the
carth fault can be shown and 1n case of a negative sign the

backward direction of the earth fault can be shown.
The zero sequence reactive energy 1s calculated as follows

E 0=y nrE "Ho(1) ig(n—N/4) (8)

The above symbols are valid and additionally the follow-
ing symbols:
E,, zero sequence reactive energy

N number of sampling points per network period (1=50
Hz=>N=20)

DESCRIPTION OF THE INVENTION

Accordingly, the invention has the objective to further
improve the detection of the earth fault direction 1n case of
intermittent earth faults with respect to reliability.
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This objective 1s reached for the method mentioned at the
beginning with the features of the independent method
claims, each one for a three-phase network operated in a
compensated way or 1n an 1solated way, respectively. In case
of the above mentioned devices, the objective 1s reached
with the features of the independent device claims, accord-
ingly for a three-phase network operated in a compensated
way or 1n an isolated way, respectively.

It was noticed that the present invention brings about an
improvement ol the reliability of detection of earth faults
and of their direction. Furthermore 1t 1s possible to 1dentify
and localize an earth fault without knowing the exact time of
the fault mitiation.

Preferred embodiments of the method and of the device
are defined 1n the dependent claims and these and other
embodiments are described by the following description.

SHORT DESCRIPTION OF THE DRAWINGS

In the following, the prior art and embodiments of the
invention are described in more detaill by means of the
figures. Thereby 1t 1s shown 1n:

FIG. 1 a pointer diagram of the healthy network;

FIG. 2 a network model with earth fault;

FIG. 3 a pointer diagram of the network with an earth
fault;

FI1G. 4 the network model with current distribution with-
out compensation current;

FIG. 5 the line currents for FIG. 4 1n a pointer diagram;

FIG. 6 the fault current 1n a pointer diagram;

FIG. 7 the network model with compensation current,

FIG. 8 the line currents for FIG. 7 1n a pointer diagram;

FIG. 9 the fault current 1n a pointer diagram;

FIG. 10 a pointer diagram for the sine circuit;

FIG. 11 a pointer diagram for the cosine circuit;

FI1G. 12 the pointer diagram of the 1gnition process in case
of the intermittent earth fault;

FIG. 13 the zero sequence powers;

FI1G. 14 a diagram with a time-base 1llustration of relevant
variables during simulation of an earth fault;

FIG. 15 a diagram with a development of the relevant
values during the simulation of FIG. 14 without applying the
invention, and

FIG. 16 a diagram with a development of the relevant
values during the simulation of FIG. 14 when the imnvention
1s applied.

WAYS OF CARRYING OUT THE INVENTION

In the following, FIGS. 14 to 16 are described 1n more
detall. FIGS. 1 to 13 describe the prior art and were
discussed 1n the respective section.

FIG. 14 shows a diagram with a timeline development of
relevant variables during simulation of an earth fault in
forward direction 1n a three-phase network operated 1n a
compensated way. Some positions ol the curves in the
diagrams, which require special attention, are marked with
arrows or circles. The time window from the beginning of an
carth fault in a line (single-pole earth fault) until its end 1s
denoted by the reference al, which 1s also valid for the
subsequent figures. In the figures, the amplitude of the
respective signal 1s shown over time (in seconds).

The developments of the zero voltage U0(») and of the
zero current 10(z) are shown in the upper parts of the
diagram of FIG. 14, wherein n denotes discrete time
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instances. In case of the zero current, a falling DC compo-
nent of 10, which originates from the Petersen coil, 1s also
taken 1nto account.

The third part of the diagram shows the power P0(z) or
the charge Q0(»), respectively. The arrow bl shows that the
power PO increases positively at the beginning of the earth
fault 1n a correct way, however 1t performs a falling oscil-
lation (arrow c1) 1n the further development, wherein the
sign of the power P0 1s many times negative for a maximum
of around 10 ms during this transient response. Subse-
quently, the power stabilises to a small positive value. After
the end of the earth fault, the value of the power PO {falls,
however 1ts sign alternates continuously (arrow d1).

The bottom part of the diagram shows the development of
the active energy E0. The development of the energy EO
follows the development of the power PO and has therefore
also the short s1ign change (arrow ¢l). The energy EO0 1s also
negative, however, like 1n case of the power PO, only for
maximum around 10 ms 1n this example. After about 100 ms
(arrow 11), the energy stabilizes to a correct positive value.
Around 100 ms after the end of the earth fault, the energy EO
decreases to a very small value (arrow gl).

It 1s noted that the developments of the reactive power Q0
and the reactive energy EbOc shown in FIG. 14 are relevant
only for i1solated neutral point earthing.

FIG. 15 shows a diagram with a development of relevant
variables for the simulation of FIG. 14 without application
of the mvention. All values are shown as binary values.

The upper two parts of the diagram show indicators
(flags) for the zero voltage U0 and the zero current 10
(U0, ., 10 ). According to FIG. 14, the zero voltage U0
1s still present for about 100 ms after the end of the earth
fault (circle A). The measurement of the zero current proves
unstable (see circle B) corresponding to the power PO (circle
D), which 1s visible by the change of the zero current flag.

According to FIG. 14, the power PO also assumes nega-
tive values (circle C) during the transient response. After the
end of the earth fault, the sign of the power PO changes first
with 100 Hz, because the period duration of the power 1s of
100 Hz (visible 1n the diagram e.g. at 0.7 seconds), and later
of 50 Hz due to the 50 Hz period of the zero voltage for DC
current.

The fourth part of the diagram shows the development of
the energy E0. Equivalent to FIG. 14, the energy assumes a
negative value (circle E) after about 100 ms and follows the
development of the power PO after the end of the earth fault.
(circle F).

The fifth part of the diagram shows the forward direction
decision (vw). In this context 1t gets clear that the latter 1s
unstable 1n the beginning section of the earth fault (circle G).
A cause for this 1s the sign change of the power P0, wherein
the instability of the decision 1s shown 1n the range of 0.2
seconds 1n the diagram. A second cause is the sign change
of the energy E0 at about 0.26 seconds. Furthermore, the
forward decision 1s also unstable (circle H) after the end of
the earth fault due to the fall back of the zero current 10 (see
10,.,, tlag).

The sixth part of the diagram shows the backward direc-
tion decision (rw). The latter 1s wrong for periods of time
(circle I) 1n the area after the end of the earth fault due to the
sign change of the power PO or of the energy EO0, respec-
tively, and because the flag U0 1s still on during these time
instants. The cause for this 1s the slow disappearing of the
zero voltage and the zero current after the end of the earth
fault, wherein the result 1s a power P0 or energy EO,
respectively, which 1s not relevant for the direction deter-
mination.
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The present invention overcomes the uncertainties of the
fault evaluation mentioned above, which 1s shown in FIG.
16.

FIG. 16 shows a diagram with a development of the
relevant variables for the simulation of FIG. 14 while
applying the imvention.

The upper three parts of the diagram correspond to the
already discussed states of the current tlags or voltage flags,
respectively, and the power P0. The bottom two part of the
diagram show the direction decisions for the forward direc-
tion (vw) and for the backward direction (rw). As can be
seen therein, 1n the present example of a forward earth fault
a correct decision of the earth fault direction 1s also taken
during the transient time at the beginning of the fault and
during the time immediately after the end of the fault.

In the following, the method of the invention 1s described
in more detail. Again, only the three-phase network which 1s
operated 1n a compensated way 1s taken as an example,
because the corresponding concepts are also valid for 1so-
lated networks in case of which the reactive power 1is
regarded.

The method for determining an earth fault and the earth
tault direction 1n a three-phase network which 1s operated 1n
a compensated way comprises the now following steps.

In a first step a) value pairs of a zero voltage U0 and of
a zero current 10 are continuously measured, wherein the
value pairs are each attributed to a measurement time. The
measurement 1s done with a given sample rate. The sample
rate 1s preferably set before a first measurement of the zero
current and the zero voltage and 1s preferably of one
millisecond. According to the Nyquist-Shannon sample
theorem, a lowpass filter for avoiding artefacts due to higher
signal frequency components 1s applied before sampling,
which 1s not further explained here.

Recording of the determined value pairs and the attributed
measurement time has also been included in step a).

In a step b), the active energy 1s calculated by first
continuously calculating a product of the measured zero
voltage and the measured zero current for each measurement
time and by subsequently building a sum of the products.
The sum 1s calculated with a product which 1s attributed to
the current measurement time and a number of preceding
products. In this context it 1s noted that the variables
attributed to the current measurement time shall always be
assumed as included in the present context while calculating
the sum.

For calculating the sum, the sum of step b) 1s determined
in such a way that for each calculation the product attributed
to the current measurement time 1s summed up to the sum
and an oldest product 1s excluded from the sum. The sum 1s
calculated on the basis of an adjustable, constant number of
value pairs. In other words, a constant integration window
with the width nFE travels to the right on the abscissa (see
FIG. 16). Consequently, the measurement time considered
earliest for the sum 1s nx-nFE, wherein nx 1s the current
measurement time. Thus, the sum 1s calculated over the span
from the time instant nx-nFE up to nx (see equation 7).

In a step c), the voltage flag U0, . 1s set to 1 for the
current measurement time, 1f the attributed zero voltage U0
1s greater than a first threshold value and else to 0, and a
current flag 10, 1s set to 1 if the attributed zero current 10
1s greater than a second threshold value and else to 0. The
first and/or the second threshold value are preferably set
betfore a first measurement of the zero current 10 and of the
zero voltage UO.

In a step d), a Boolean AND-operation with the voltage
flag U0, . and the current flag 10, 1s performed for each
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current measurement time. Now 1t 1s decided 11 an earth fault
1s present; no earth fault 1s present in case of a result o1 0 and
an earth fault 1s present 1n case of a result of 1. However, this
initial condition for the evaluation of the energy criterion
holds an uncertainty for the reasons set forth. When the earth
tault starts, the initial condition may fall back repeatedly for
around 5 to 10 ms (see FIG. 15, circle C in connection with
circle G) due to the used power. At the end of the earth fault,
it only disappears entirely after the end of the integration
window and tends to periodic response with frequencies of
50 Hz or 100 Hz during the time window (see FIG. 15, circle
D in connection with circle H).

In order to solve the problem at the beginning of the earth
tault, a result of the Boolean AND-operation 1s ON-delayed
by a first time 1nterval. The first time 1nterval 1s set before a
first measurement of the zero current and of the zero voltage.
Preferably, 1t 1s 15 ms. In this way 1t 1s possible to overcome
the decision uncertainties due to the sign change during the
transient process, which was described 1n connection with
FIG. 15, because a result of 1 (earth fault 1s present) 1s only
validated 11 the first time 1nterval has passed and the result
hasn’t fallen back to 0 during this time. In the latter case, the
first time 1nterval starts again and 1t 1s assumed that no earth
fault 1s present, like in the normal case of a result which
equals O.

In order to solve the problem at the end of the earth fault,
the result 1s release-delayed by a second time interval. The
second time interval 1s set belore a first measurement of the
zero current and of the zero voltage. Preferably, 1t 1s 15 ms.
In a way analog to the ON-delay 1t 1s thereby possible to
overcome the decision uncertainties due to the sign change
at the end of the earth fault, which was described in
connection with FIG. 15, because a result of O (earth fault 1s
not present anymore) 1s only validated 11 the second time
interval has passed and the result hasn’t fallen back to 1
during this time. In the latter case, the second time interval
starts again and 1t 1s assumed that an earth fault 1s still
present, like 1 the normal case of a result which equals 1.

Now, if the decision that an earth fault 1s present has been
taken with certainty, in a step e) the steps a) to d) are still
executed and the algebraic sign of the active energy calcu-
lated up to the current measurement time 1s verified. In this
context it 1s noted that the steps a) to d) are always carried
out, independently if an earth fault has been detected or not,
and independently 11 an earth fault end has been detected. A
result of the verfication 1s ON-delayed by a third time
interval and release-delayed by a fourth time interval. The
third time interval and/or the fourth time interval are set
betore a first measurement of the zero current and of the zero
voltage. Preferably, both time intervals are chosen from a
range between 30 ms and 2000 ms, wherein a value of 300
ms 1s preferred for a three-phase network operated 1n a
compensated way and a value of 50 ms 1s preferred for a
three-phase network operated 1n an 1solated way. The span
of the time intervals 1s founded by the possibility of the
presence ol an mtermittent fault.

In case of intermittent faults, longer pauses occur 1n the
compensated network between the consecutive earth faults
(e.g. 1 the order of 100 ms), according to the voltage which
rises again after extinction of the arc. The smaller the
artefact, the longer it takes for the voltage to come back.

In case of intermittent faults in the 1solated network, the
pauses between the consecutive earth faults are most of the
time short (e.g. 1n the order of 10 ms), because the voltage
comes back immediately and therefore an instantaneous
reignition of the arc occurs.
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Hence, the direction decisions are 1ssued release-delayed,
as mentioned, depending on the network, e.g. in the range

between 30 and 2000 ms.

The third and the fourth time intervals of the direction
decision are therefore chosen to be parametrizable for inter-
mittent faults. Alternatively, they are chosen according to the
setting 1solated/compensated. The third and the fourth time
intervals are therefore chosen according to the duration of
the earth-fault-free pause.

In a last step 1), 1t 1s decided at least on the base of the
algebraic sign of the active energy, if the earth fault direction
1s reported as “forward”, 1n case of a positive algebraic sign,
or as “backward” 1n case of a negative algebraic sign. It 1s
noted that a report of the earth fault direction as “forward”
in case ol a negative sign and as “backward™ 1n case of a
positive sign are equivalent 1f the differing sign 1s only given
by the point of view of the direction of the voltage vector.

It 1s preferred, additionally to the decision based on the
algebraic sign of the active energy or of the reactive energy,
to perform a verification of an algebraic sign of the power P0
by integrating the products of the zero voltage and of the
zero current over a period of the network frequency, which

includes the current measurement time, wherein the earth
tault direction 1s confirmed 11 the algebraic sign of the active
energy or the reactive energy corresponds to the one of the
power P0. This 1s attributed to the fact that in many cases the
power changes direction with a frequency of about 100 Hz.
For this reason, the power direction can be used for releasing
the energy criterion, €.g. when the power has meanwhile
changed its direction but the integral of the energy has not
yet gone down.

The report of the earth fault direction 1s preferably carried
out by setting or not setting forward flags or backward flags,
respectively, n a memory. Based on these flags it e.g.
possible to separate the aflected network section, e.g. by a
certain command to a high voltage switch, as reaction to the
detection of an earth fault, like in the present example of a
torward earth fault.

It proves advantageous for the execution if the report 1s
issued only when a mimmimum value of the residual active
current I, (second threshold) occurs in the compensated
network or when a minimum value of the capacitive earth
tault current I .. (second threshold) occurs in the 1solated
network. The minimum values shall be adjustable by choice.
Preferably, the values 1. or 1.5, respectively, are deter-
mined from E, or from E,,, respectively, in the following
way:

1 Hy ) (9)
Ungs = | —
NE,S FE. _ZHFE ung (1)
L = 20 (10)
WE = T
o Epo (11)
= s

The logic operation of the variables can be shown as
tollows, wherein 1t 1s always valid that an earth fault is
present and that the zero voltage 1s greater than the set value.
Preferably, the reports are 1ssued as forward tlags or back-
ward tlags, respectively, in a memory.

Thus, for the compensated network 1t 1s valid:

I,,->set value, E,>0=>set forward flag.

I,,->set value, E,<O=>set backward flag.
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I;~<set value=>no direction flag.

Accordingly, for the isolated network 1t 1s valid:
I-->set value, E,,>0=>set forward flag.

I-->set value, E, ,<O=>set backward flag.

I -<set value=>no direction flag.

Preferably, flags are set as direction indicators for “for-
ward”, “backward” or “no direction”, wherein this 1s done 1n
a memory, particularly in a ring memory having a length
t4.- 1he direction indicator 1s determined for each sampling
time nx and the corresponding flag is stored in the ring
memory. The subsequently determined earth fault direction
for the protection of the network 1s preferably stored 1n a
second memory. This memory 1s updated at each time
instant by means of the method by vernitying 1t all direction
reports or direction indicators, respectively, in the first
memory or 1n the ring memory, respectively, show the same
direction. If this 1s the case, this direction 1s taken over into
the second memory or the display memory, respectively, else
the second memory 1s not changed and the old value 1s kept.
As a standard, the second memory 1s mitialized with “no
direction”.

The integration time window nFE 1s adjusted to the
network to be currently protected, which can be done by
trials or 1n operation starting from a base value as optimi-
zation. Preferably, the estimation of the suitable integration
time window 1s done based on an analysis of the network
and particularly based on available earth fault records.

The device of the invention, 1n an 1llustrative embodiment
for ascertaining an earth fault and the earth-fault direction 1n
a three-phase network operated 1in a compensated way, 1s
characterized 1n that the device comprises at least a mea-
surement device adapted to continuously measure value
pairs of a zero voltage and of a zero current with a given
sample rate, wherein the value pairs are each attributed to a
measurement time, furthermore a memory for storing the
determined value pairs and the attributed measurement time,
and comprising a calculation unit, wherein the calculation
unit 1s adapted

to continuously calculate the active energy by forming a
product of the measured zero voltage and the measured zero
current for each measurement time and to calculate a sum of
a product which 1s attributed to the current measurement
time and a number of preceding products,

to set for the current measurement time a voltage flag to
1 1f the attributed zero voltage 1s greater than a first threshold
value and else to O, and a current flag to 1 i1 the attributed
zero current 1s greater than a second threshold value and else
to O,

to perform a Boolean AND-operation with the voltage
flag and the current flag, for each current measurement time,
wherein a result of the Boolean AND-operation 1s ON-
delayed by a first time interval and release-delayed by a
second time 1nterval, wherein no earth fault 1s present 1n case
of a result of 0 and an earth fault 1s present 1n case of a result
of 1, and 1f an earth fault i1s present,

to verily the algebraic sign of the active energy calculated
up to the current measurement time, wherein a result of the
verification 1s ON-delayed by a third time interval and
release-delayed by a fourth time interval, and

to decide at least on the basis of the algebraic sign of the
active energy if the earth fault direction 1s reported as
“forward”, 1n case of a positive algebraic sign, or as “back-
ward” 1n case ol a negative algebraic sign.

In a further illustrative embodiment, for ascertaining an
carth fault and the earth-fault direction 1n a three-phase
network operated in an 1solated way, the device of the
invention 1s characterized in that the device comprises at
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least a measurement device which 1s adapted to continuously
measure value pairs of a zero voltage and of a zero current
with a given sample rate, wherein the value pairs are each
attributed to a measurement time, furthermore a memory for
storing the determined value pairs and the attributed mea-
surement time, and comprising a calculation unit, wherein
the calculation unit 1s adapted

to continuously calculate the reactive energy by forming
a product of the measured zero voltage and of the measured
zero current for each measurement time and to calculate a
sum of a product which 1s attributed to the current measure-
ment time and a number of preceding products,

to set for the current measurement time a voltage flag to
1 if the attributed zero voltage 1s greater than a first threshold
value and else to 0, and a current flag to 1 1f the attributed
zero current 1s greater than a second threshold value and else
to 0,

to perform a Boolean AND-operation with the voltage
flag and the current flag, for each current measurement time,
wherein a result of the Boolean AND-operation 1s ON-
delayed by a first time interval and release-delayed by a
second time 1nterval, wherein no earth fault 1s present 1n case
of a result of O and an earth fault 1s present 1n case of a result
of 1, and 11 an earth fault 1s present,

to verily the algebraic sign of the reactive energy calcu-
lated up to the current measurement time, wherein a result
of the verification 1s ON-delayed by a third time interval and
release-delayed by a fourth time interval, and

to decide at least on the basis of the algebraic sign of the
reactive energy if the earth fault direction 1s reported as
“forward”, 1n case of a positive algebraic sign, or as “back-
ward” 1n case ol a negative algebraic sign.

The methods and the devices provide the possibility to
correctly detect intermittent earth faults 1n networks oper-
ated 1n an 1solated way or 1n a compensated way, for which
simple earth fault direction relays fail because 1n case of a
reignition an erroneous direction 1s shown. By considering,
the active and reactive energy in the zero sequence, 1t 1s
however possible to suppress this etlect.

As mentioned at the beginning, the temporal behavior of
the fault function strongly depends on the filter algorithms or
the 1integration algorithms, respectively, such that under
circumstances wrong direction decisions are i1ssued. The
invention 1s described based on the atorementioned method.

While presently preferred embodiments of the invention
are shown and described in this document, it 1s distinctly
understood that the invention 1s not limited thereto but may
be embodied and practiced 1n other ways within the scope of
the following claims. Therefore, terms like “preferred” or
“in particular” or “particularly” or “advantageously”, etc
signily optional and exemplary embodiments only.

The 1nvention claimed 1s:

1. Method for ascertaining an earth fault and an earth-fault
direction 1n a three-phase network operated in a compen-
sated way, characterized by the steps of:

a) using a measurement device adapted to do so, continu-
ously measuring value pairs of a zero voltage and of a
zero current with a given sample rate, wherein the value
pairs are each attributed to a measurement time, and
recording the determined value pairs and the attributed
measurement time 1 a memory; and,

using a calculation unit adapted to do so,

b) continuously calculating an active energy by forming a
product of the measured zero voltage and the measured
zero current for each measurement time and forming a
sum of a product which 1s attributed to the current
measurement time and a number of preceding products,
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¢) setting for the current measurement time a voltage tlag
to 1 1f the attrnibuted zero voltage 1s greater than a first
threshold value and else to 0, and a current flag to 1 11
the attributed zero current 1s greater than a second
threshold value and else to O,

d) performing a Boolean AND-operation with the voltage
flag and the current tlag, for each current measurement
time, wherein a result of the Boolean AND-operation 1s
ON-delayed by a first time interval and release- delayed
by a second time interval, wherein no earth fault 1s
present 1n case of a result of 0 and an earth fault 1s
present in case of a result of 1, and 1f an earth fault 1s
present

¢) continuing to execute the steps a) to d) and verifying an
algebraic sign of the active energy calculated up to the
current measurement time, wherein a result of the
verification 1s ON-delayed by a third time interval and
release-delayed by a fourth time interval, and

1) deciding at least on the basis of the algebraic sign of the
active energy 1f the earth-fault direction 1s reported as
“forward”, 1n case ol a positive algebraic sign, or as
“backward” 1n case of a negative algebraic sign.

2. Method according to claim 1, wherein, additionally to
the decision based on the algebraic sign of the active energy
or of a reactive energy, a verification of an algebraic sign of
the active energy or of the reactive energy 1s carried out by
integrating the products of the zero voltage and of the zero
current over a period of a network frequency, which includes
the current measurement time, wherein the earth fault direc-
tion 1s confirmed 11 the algebraic sign of the active energy or
the reactive energy and of a power match.

3. Method according to claim 1, wherein the sum of step
b) 1s determined 1n such a way that for each calculation the
product attributed to the current measurement time 1s
summed up to the sum and an oldest product of the sum 1s
excluded.

4. Method according to claim 3, wherein the sum 1s
calculated with an adjustable constant number of value
pairs.

5. Method according to claim 1, wherein the sample rate
1s set before a first measurement of the zero current and the
zero voltage, and wherein a millisecond 1s chosen as sample
rate.

6. Method according to claim 1, wherein the first time
interval and/or the second time interval are/is set before a
first measurement of the zero current and of the zero voltage,
and wherein both time intervals are 15 ms.

7. Method according to claim 1, wherein the third time
interval and/or the fourth time 1nterval are/is set before a first
measurement of the zero current and of the zero voltage,
particularly wherein both time intervals are chosen from a
range between 30 ms and 2000 ms.

8. Method according to claim 1, wherein the first and/or
the second threshold value are/is set before a first measure-
ment of the zero current and of the zero voltage.

9. Method according to claim 1, characterized 1n that the
report 1s 1ssued by setting or not setting forward flags or
backward flags, respectively, 1n a memory.

10. Method for ascertaining a earth fault and an earth-fault
direction in a three-phase network operated 1n an 1solated
way, characterized by the steps of:

a) using a measurement device adapted to do so, continu-
ously measuring value pairs of a zero voltage and of a
zero current with a given sample rate, wherein the value
pairs are each attributed to a measurement time, and
recording the determined value pairs and the attributed
measurement time 1 a memory; and,
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using a calculation unit adapted to do so,

b) continuously calculating a reactive energy by forming
a product of the measured zero voltage and the mea-
sured zero current for each measurement time and
forming a sum of a product which 1s attributed to the
current measurement time and a number of preceding
products,

¢) setting for the current measurement time a voltage flag
to 1 1f the attributed zero voltage 1s greater than a first
threshold value and else to 0, and a current flag to 1 11
the attributed zero current 1s greater than a second
threshold value and else to O,

d) performing a Boolean AND-operation with the voltage
flag and the current tlag, for each current measurement
time, wherein a result of the Boolean AND-operation 1s
ON-delayed by a first time interval and release-delayed
by a second time interval, wherein no earth fault is
present 1n case of a result of 0 and an earth fault 1s
present 1n case of a result of 1, and 1f an earth fault 1s
present

¢) continuing to execute the steps a) to d) and veritying an
algebraic sign of the reactive energy calculated up to
the current measurement time, wherein a result of the
verification 1s ON-delayed by a third time interval and
release-delayed by a fourth time interval, and

1) deciding at least on the basis of the algebraic sign of the
reactive energy 1f the earth fault direction 1s reported as
“forward”, 1n case ol a positive algebraic sign, or as
“backward™ 1n case of a negative algebraic sign.

11. Device for ascertaining an earth fault and an earth-
fault direction 1n a three-phase network operated 1n a com-
pensated way, characterized in that the device comprises at
least a measurement device adapted to continuously measure
value pairs of a zero voltage and of a zero current with a
given sample rate, wherein the value pairs are each attrib-
uted to a measurement time, furthermore a memory for
storing the determined value pairs and the attributed mea-
surement time, and comprising a calculation unit, wherein
the calculation unit 1s adapted

to continuously calculate an active energy by forming a
product of the measured zero voltage and the measured
zero current for each measurement time and to calcu-
late a sum of a product which 1s attributed to the current
measurement time and a number of preceding products,

to set for the current measurement time a voltage flag to
1 1f the attributed zero voltage 1s greater than a first
threshold value and else to 0, and a current tlag to 1 1
the attributed zero current 1s greater than a second
threshold value and else to 0,

to perform a Boolean AND-operation with the voltage
flag and the current flag, for each current measurement
time, wherein a result of the Boolean AND-operation 1s
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ON-delayed by a first time interval and release- delayed
by a second time interval, wherein no earth fault 1s
present 1n case of a result of O and an earth fault 1s
present in case of a result of 1, and 1f an earth fault 1s
present

to verily an algebraic sign of the active energy calculated

up to the current measurement time, wherein a result of
the verification 1s ON-delayed by a third time interval
and release-delayed by a fourth time interval, and

to decide at least on the basis of the algebraic sign of the

active energy 1f the earth fault direction 1s reported as
“forward”, 1n case of a positive algebraic sign, or as
“backward” 1n case of a negative algebraic sign.
12. Device for ascertaiming an earth fault and an earth-
fault direction 1 a three-phase network operated in an
isolated way, characterized 1n that the device comprises at
least a measurement device which 1s adapted to continuously
measure value pairs of a zero voltage and of a zero current
with a given sample rate, wherein the value pairs are each
attributed to a measurement time, furthermore a memory for
storing the determined value pairs and the attributed mea-
surement time, and comprising a calculation unit, wherein
the calculation unit 1s adapted
to continuously calculate a reactive energy by forming a
product of the measured zero voltage and of the mea-
sured zero current for each measurement time and to
calculate a sum of a product which is attributed to the
current measurement time and a number of preceding
products,
to set for the current measurement time a voltage flag to
1 1T the attributed zero voltage 1s greater than a first
threshold value and else to 0, and a current flag to 1 1t
the attributed zero current i1s greater than a second
threshold value and else to 0,

to perform a Boolean AND-operation with the voltage
flag and the current flag, for each current measurement
time, wherein a result of the Boolean AND-operation 1s
ON-delayed by a first time interval and release-delayed
by a second time interval, wherein no earth fault 1s
present 1n case of a result of 0 and an earth fault 1s
present in case of a result of 1, and 1f an earth fault 1s
present

to verily an algebraic sign of the reactive energy calcu-

lated up to the current measurement time, wherein a
result of the verification 1s ON-delayed by a third time
interval and release-delayed by a fourth time interval,
and

to decide at least on the basis of the algebraic sign of the

reactive energy 1 the earth fault direction 1s reported as
“forward”, 1n case of a positive algebraic sign, or as
“backward” 1n case of a negative algebraic sign.

% o *H % x



	Front Page
	Drawings
	Specification
	Claims

